Cohort review has been used internationally to support tuberculosis (TB) control. We describe its first use in the UK by a London TB service. Improvements were noted in case management and contact tracing, weaknesses identified and important service changes put in place. Key areas of impact were directly observed therapy (DOT) provision (a greater proportion of cases offered DOT, and in response to low uptake resources diverted to create posts responsible for patient-centred DOT delivery), and contact tracing (more contacts per case screened and assessed). Cohort review enables whole system review and improvement. It has subsequently been adopted across the UK.
INTRODUCTION
Tuberculosis (TB) is an on-going problem in the UK. 1 Unlike most other countries, rates are not falling. It is concentrated in urban areas with the greatest number in London where, in 2011, there were approximately 3500 new notifications. 2 The five clinics that comprise North Central London (NCL) TB Service notify approximately 500 new cases per year. 2 This is more than most UK cities and many European capitals. 1 TB cases are socially complex, with one in 10 known to have associated issues of homelessness, problem drug or alcohol use, or imprisonment. 2 Management is further complicated by increasing TB drug resistance. 2 Having systems that are in place which routinely and effectively enable TB services to detect, treat and prevent TB are, therefore, of paramount importance.
In 2010, NCL TB Service introduced cohort review with the aim of improving clinical and public health TB management. Cohort review is the multidisciplinary, systematic, quarterly appraisal of the case management and contact investigation of every case of TB. It focusses on specific outcomes, measured against local and national targets, and provides a framework for service evaluation. The process was adapted from US Centers for Disease Control and Prevention guidance, 3 and drew upon the success of cohort review in a number of TB control programmes, including New York City, where since its adoption in 1993, there has been a steep and progressive decline in TB rates. 4 As its first UK adopter, we describe our experience, the impact of its methodology on our TB service, and implications for others.
METHODS
All patients notified as having TB disease by the five NCL TB clinics between 1 July 2009 and the implementation of cohort review in June 2010 were compared with those diagnosed in the first 18 months of its use (1 July 2010 to 31 December 2011). A standard set of information was obtained on each patient, including: treatment outcome at 12 months; offer and uptake of HIV testing; identification of the need for, and use of, directly observed therapy (DOT); and the number of contacts identified and assessed (excluding larger incident screening exercises). Data were analysed using Stata 12. The proportion of cases with the outcome of interest in each cohort were compared using χ 2 tests (or Fisher's exact test where warranted by small cell sizes), with Bonferroni correction to control for the number of comparisons. As this was a service evaluation, ethical approval was not required.
RESULTS
Five hundred and fifty-seven TB cases were notified by NCL clinics in the year before cohort review was introduced (table 1) . Over the next 18 months, 752 cases were notified. Both groups were similar in terms of sex, age, place of birth and drug resistance. Postcohort review, more of the non-UK-born cases were recent migrants (15% vs 10%), although nearly half had still been in the UK for 10 or more years before diagnosis. Fewer cases had pulmonary disease in the post-cohort review group, while the proportion confirmed by culture increased. Fewer cases were reported as having one or more social risk factor in the postcohort review group (22% vs 16%, p=0.005) (table 1) .
We considered the impact of cohort review on two areas: (1) TB case management outcomes, including anti-TB treatment effect, uptake of HIV testing, and the use of DOT; and (2) contact tracing outcomes, including the number of contacts identified and assessed.
TB case management
Over 90% of cases were offered a HIV test, and were tested, in both groups. Excluding those with known rifampicin resistance, there was no change in the proportion of cases completing treatment following the implementation of cohort review (table 1) .
A higher proportion of adult cases in the cohort review group was assessed as requiring DOT, particularly those with identified risk factors (38% and 59% preintroduction and postintroduction, respectively, p=0.001). However, although the proportion offered DOT by the clinic remained high (>90%), the proportion that actually received DOT fell. This largely resulted from an increased refusal by patients to be treated using DOT (10-30%, p=0.001) (table 1). 
Contact tracing outcomes
Following the introduction of cohort review, the proportion of cases with at least one contact identified among all cases rose ( p<0.001), in particular for pulmonary cases ( p=0.001). The proportion of cases with three or more contacts identified also increased (55-64%, p=0.010 for pulmonary cases). There was, however, no evidence of a change in the proportion of TB cases with five or more contacts identified which remained at 30% of all cases, and a third of pulmonary cases and half of sputum smear positive cases. The proportion of contacts that were clinically assessed by the TB team increased from 74% to 81% ( p<0.001). Importantly, this was found in contacts of pulmonary (74-82%, p<0.001) and sputum smear positive cases (78-85%, p=0.001), who are at greatest risk of infection.
DISCUSSION
It is widely recognised that early identification of TB cases and improving treatment completion are key to TB control. 1 Identification is largely through self-presentation to health services, contact tracing around known cases, and active case finding in high-risk populations. Ensuring that cases successfully complete treatment relies on the implementation of standardised case management practices, with extra support for vulnerable patients. Insufficient evidence has been available to determine the extent and success of contact tracing practices in London, and in the identification and enhanced care of patients at risk of default. This paper reviews the first use of cohort review in the UK, and its impact on a TB service.
The basic premise of cohort review is a framework of peer appraisal to ensure standardisation of case management. The systematic process highlights strengths and weaknesses of the service as a whole that may not be identified in other case review or team meetings.
We found some measures of successful case management, in particular, treatment completion and HIV testing, remained high but unchanged. As these were very high to begin with, a larger sample size would be needed to show a statistically significant effect.
After cohort review was implemented, a higher proportion of adults were assessed as requiring DOT though less received itmainly due to patient refusal. This often arises because individuals feel they do not need supervised therapy, or that DOT interferes with their schedule. 5 Education, support and ensuring arrangements for DOT are person-centred, and may overcome these concerns. However, cohort review also highlighted staff concerns regarding the service's ability to provide DOT, in particular, out-of-hours, at weekends and public holidays, and across geographic service boundaries. Our solution was to identify funds to employ four non-clinical staff with the specific remit to deliver community-based DOT. We believe this will resolve many of the issues over DOT provision, and the DOT team's impact will be monitored through cohort review.
We found some evidence that a greater number of contacts were screened and assessed once cohort review was initiated. Importantly, this was performed in cases where the index was likely to be most infectious. The whole system approach, inherent in cohort review, highlighted several deficiencies in our current contact tracing practice, informed the development of new national guidance, enhanced staff development and emphasised the importance of timely and accurate data collection. Further plans include routine community visits ( particularly for smear positive pulmonary patients) to identify high-risk contacts, and a new standard to visit all contacts of pulmonary TB cases who fail to attend two appointments for screening. A further service objective is to provide an out-of-hours contact tracing clinic to offer patients increased choice of appointment times.
A limitation of our evaluation is that we cannot account for subjective changes in the way staff assessed and managed patients that may have occurred as a result of increased focus on process and outcome. For example, while the precohort review group was reported as having a greater proportion of cases with one or more social risk factors, the proportion assessed as requiring DOT was higher in the postcohort review groupwhich may result from more stringent assessments by case managers.
Following our implementation, it has been adopted across London and the UK. We urge TB services to ensure it is used appropriately, and its impact closely monitored. For example, increasing the number of contacts screened could be a significant burden to TB services unless the focus remains on those at highest risk. A fuller evaluation of the impact of cohort review across the UK is planned.
We have described the first use of cohort review in the UK: it has proved to be an effective, practical tool to monitor patient and public health outcomes for a local TB Service. We observed an improvement in a number of case management and contact tracing outcomes, but more importantly it has allowed the service to better identify its weaknesses and find solutions to these collectively. Its use in both high and low incidence areas indicates that cohort review is an adaptable tool applicable to a variety of settings.
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